INTRODUCTION
Eggshell color is important and consumer acceptance of eggshell color may influence market table egg prices (Wei and Bitgood, 1990) . Eggshell color has been attributed to pigments found in the outer cuticle of the egg (Mertens et al., 2010) . Eggshell color varies based on breed varieties (Hall, 1944) . Several studies have addressed eggshell color in brown egg laying strains (Godfrey, 1949; Grover et al., 1980; Wolc et al., 2012) . The effect of eggshell color has also been extensively evaluated as a means of determining egg quality in broiler breeders (Joseph et al., 1999) , which are also predominately brown egg layers. In addition, eggshell color may also be an indicator in the health and stress status of layers (Charlton et al., 2005; Mertens et al., 2010) .
Very little research has been conducted on the effect and presence of "off-color" or tinted (TT) white eggs. Recently, commercial egg producers have noted an increased presence of TT eggs in white egg layers. The underlying cause of discoloration or tinting in white eggshells is still unknown, but several factors have been implicated, such as age, stress, medication, diet, and disease (Butcher and Miles, 1995) . Avian diseases such as infectious bronchitis and Newcastle disease may cause eggshell thinning, which may subsequently affect eggshell color (Charlton et al., 2005) . Medications, such as nicarbazin, may inhibit or discolor brown eggshells (Charlton et al., 2005) . While the actual color of the eggshell is a genetic factor, it is suggested that eggshell discoloration is also genetically linked. Punnett and Bailey (1920) concluded that brown egg shell color is due to a dominant gene that is epistatic to the recessive white shell gene (o+). The presence of various shades indicate incompletely dominant genes that adds brown pigment to the egg shell (Wei et al., 1992) . Although previous studies have aimed to discover the underlying (Wei and Bitgood, 1990) . The authors were approached by one of the top US commercial egg producers to evaluate the tinting of white eggs and the effect on layer performance due to a high incidence of tinted eggs being laid in breeder operations. Therefore, the main objectives of this study were to measure and compare live production parameters and eggshell color of Hy-Line W36 eggs hatched from different eggshell colors.
MATERIALS AND METHODS

Eggshell Color Measurement
Fertile Hy-Line W36 eggs were obtained from a commercial breeder operation. Prior to incubation, all eggs were numbered and evaluated for eggshell color using a colorimeter (Minolta CR-400, Konica Minolta, Ramsey, NJ) per Wei and Bitgood (1990) . The CIE L*a*b* color space (Commission International de l'Eclairage, 1976) was used to measure eggshell color; CIE L*a*b* color coordinates describe the balance of white/black (L*, black = 0 and white = 100), red/green (a*, red <0 and green >0), and blue/yellow (b*, blue <0 and yellow >0). All eggs were compared with a "true white" (L* = 100, a* = 0, b* = 0) to separate the 2 treatment groups using Euclidean distance (EDW, equation
Cluster analysis was performed in PC-SAS (SAS Institute Inc., 2011) using PROC CLUSTER to separate eggs into the 2 treatment groups. Average EDW for the TT and NTT treatment groups were 10.37 ± 0.1863 and 2.63 ± 0.6843, respectively. Eggs were placed into separate incubating and hatching trays according to treatment. The same eggshell color procedures and measurements were used during the experimental production period [18 to 34 wk of age (woa)] to measure eggshell color in hens hatched from these eggs.
Bird Husbandry
All animal care, handling, and euthanasia for this experiment were approved by the Agricultural Research Service-USDA Animal Care and Use Committee at the Mississippi State Location. Fertile Hy-Line W36 eggs were obtained from a commercial breeder operation. Prior to incubation, all eggs were numbered and evaluated for eggshell color as described previously. Upon hatching, all chicks from each group were individually wing-banded for identification. Initial weights of chicks were not recorded due to the inability to sex birds at the time. Birds were raised in floor pens until 9 woa, when 240 pullets were moved into a cage-layer facility. Hens were randomly allocated into 4 identical rooms with 60 individual bird cages per room according to treatment group. Five consecutive cages constituted a replicate group; thus, each treatment was replicated 6 times in each room for a total of 24 replicate groups of 5 hens each. The experimental period commenced at 18 woa after an acclimation period of 2 wk. Birds were allowed ad libitum feed consumption of a standard cornsoybean meal based layer diet, which was formulated to meet or exceed all NRC (1994) requirements. At the start of the experimental period (18 wk), lighting was increased 15 min/wk until 16:45 of light was provided from 0500 to 2145 h. Temperature setpoint was maintained at 23°C throughout the entire production trial. Birds were weighed at the start of the experimental period (18 woa) and every 4 wk thereafter until trial completion (34 wk). Birds were only weighed every 4 wk to decrease any stress and to minimize any egg breakage. Eggs were collected daily for a weekly egg count, and mortality was recorded daily to determine hen-day egg production. Feed consumption, egg weights, egg mass, feed conversion ratio, and egg color were measured every 2 wk. For each replicate group of 5 hens, eggs were saved over 2 consecutive days and were weighed and analyzed for eggshell color.
Statistical Analysis
Treatments were designed in a randomized complete block design, with room acting as the random blocking factor. All production parameters (BW, hen-day egg production, egg weights, egg mass, feed consumption, and feed conversion ratio) were analyzed using PROC MIXED (SAS Institute Inc., 2011), and treatment means were separated using a least significant difference test. Individual color variables (L*, a*, b*, EDW) were also analyzed via PROC UNIVARIATE to determine color variation within replicate groups and treatments. Prior to analysis, EDW was log-transformed and all other data were normally distributed. Alpha was set at P ≤ 0.05.
RESULTS AND DISCUSSION
Performance parameters of the laying hens for the experimental period are presented in Table 1 . It should be noted that birds were not weighed at hatch due to our inability to sex chicks at such an early age. Therefore, BW of hens were not measured until the start of the experimental period at 18 wk. From wk 18 to 34, hens hatched from TT eggs were significantly and consistently heaver than birds hatched from NT eggs. Feed intake was not significantly affected by treatment group throughout the experimental period. Egg weights (g/ egg) of laying hens were measured every 2 wk through-out the trial. Hens from the TT group had increased egg weights throughout the trial; however, these differences were only significant at 24, 30, and 32 woa. Egg mass (g/hen per d) was also increased in the TT treatment group but only significantly at 20 and 32 woa. Feed conversion ratio (g:g) was not significantly different, but was consistently lower in the TT group due to the higher egg mass. Hen-day egg production (Table  2) was only significantly different at 19 and 20 woa, with the TT treatment producing significantly more eggs and coming into lay faster than the NT group. The TT treatment group continued to have increased egg production throughout the production trial; however, these differences were not significant. Mortality was not found to be significantly different throughout the production trial based on hatching eggshell color (data not presented).
Eggshell color was tracked throughout the entire production trial and mean L*, a*, b*, and EDW values from biweekly (every 2 wk) egg collections are presented in Table 3 . Eggs produced by the TT treatment were both consistently and significantly different in color compared with the NT eggs throughout the experimental period. Eggs from the TT group yielded significantly lower L* values, and significantly higher a*, b*, and EDW values than the NT group. These values indicate birds hatched from the TT eggs tended to lay eggs that were darker, redder, and more yellow in color compared with eggs laid by birds hatched from NT eggshells. In addition, EDW was significantly higher indicating the TT eggs were further from true white than eggs laid by the hens hatched from NT eggs. All eggshell color parameters were also analyzed for within-treatment variation. Minimum, maximum, and SD are presented in Table 4 . Eggshell color ranges were consistent throughout the trial for each of the parameters measured. Individual eggshell color was found to vary within treatment groups, which indicates individual birds will lay eggs with slight variations in eggshell color.
Laying hens evaluated in this study were hatched from eggs that differed in eggshell tinting. Based on these initial differences in hatching eggshell color, layers hatched from TT eggs differed in production efficiency throughout the experimental period. From 18 to 34 woa, birds hatched from TT eggs were heavier and were consistently more feed efficient. The underlying cause of the eggshell tinting is still unknown, but based on the results of our study, genetics may play a role in determining the tinting or discoloration in white eggs as laying hens hatched from tinted eggs had a higher incidence of producing tinted eggs themselves. Wei et al. (1992) suggested several genetic components may play a role in eggshell color determination. In addition, hatching eggshell color may be used as parameter in selecting laying hens for commercial operations to maximize resulting table egg color in brown egg layers. Wolc et al. (2012) estimated genetic parameters for egg defects, which included shell color, in a single brown egg layer population. In that study, eggshell color was found to be positively correlated with BW (0.09) and percentage of broken eggs (0.12; Wolc et al., 2012) . It was concluded that selecting against defective eggs was predicted to be more effective if egg defect traits were also included in the selection criterion.
As the majority of previously conducted studies on brown egg layers, there was very little scientific research based on white egg layers, especially in further delineating the causes of discoloration in white eggs and their effects on live production aspects, which may have economic impacts. The results of this current study and previous research suggest that incidence of white egg discoloration or tinting may be used in genetic selection of white egg layers because it may affect future progeny.
